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Figure S1: FTIR spectra of L1 S-S in KBr disk. 3 Figure S2 : 1 H NMR spectrum of L1 S-S in CDCl 3 at RT 4 Figure S3 : ESI positive mass spectra of L1 S-S taken in CH3CN 5 Figure S4 : FTIR spectra of L2 S-S in KBr disk 6 Figure S5 : 1 Figure S20 . A view of the cluster [Cu 16 S(L2) 12 O 6 ] + , 2, as seen approximately down the crystallographic 3-fold axis, with atom numbering. 22 Figure S21 . The [Cu 16 S(L2) 12 ] + cluster including carbon atoms but excluding hydrogen and oxygen. Copper atoms are red-orange, sulfur are yellow, nitrogen are blue. 23 Figure S22 . The  M vs T plots of 1 and 2 24
Crystallographic details of 1-2
Syntheses of Ligands L1 S-S , L2 S-S and their Copper Complexes:
2,2'-disulfanediylbis(N-((3-methylthiophen-2-yl)methylene)aniline) (L1 S-S ): A solution of 2,2'-disulfanediyldianiline (2.0 g, 8.06 mmol) in 40 ml of CH 3 OH was added to a stirred solution of 3-methyl-2-thiophenecarbaldehyde (2.03 g, 16.12 mmol) in 40 ml CH 3 OH solution. Then the resulting solution was refluxed for 3 hrs and CH 3 OH was removed using rotary evaporator. The yellow solid of L1 S-S was obtained which was recrystallized from CH 3 OH solution. 
2,2'-disulfanediylbis(N-((3-methylthiophen-2-yl)methylene)ethanamine) (L2 S-S ):
To a stirred solution of 2,2'-diaminodiethyl disulfidedihydrochloride (0.37 g, 1.64 mmol) in 15 ml of CH 3 OH was added triethylamine (0.332 g, 3.28 mmol) and the solution was stirred for 30 mints. Then the resulting solution was added to a stirred solution of 3-methyl-2-thiophenecarbaldehyde (0.413 g, 3.28 mmol) in 10 ml CH 3 OH solution and refluxed for 6 hrs. Then CH 3 OH was removed using rotary evaporator. The resulting residue was dissolved in 30 ml of chloroform, washed with 100 ml (2 times) of water, brine water (100 ml) and again with 100 ml water. The organic layer was dried with anhydrous Na 2 SO 4 and chloroform was removed using rotary evaporator, resulting yellow oil. (0.96 g, yield: 79%). Elemental analysis calculated for C 16 H 20 N 2 S 4 (L2 S-S ): C 52. 14, H 5.47, N 7.60; Found: C 51.98, H 5.58, N 7.49 
Physical Measurements:
The FTIR spectra of the complexes were recorded on a Thermo Nicolet iS10 spectrometer using KBr pellet in the range 4000 -400 cm -1 . The electronic spectra were recorded on an Agilent 8453 diode array spectrophotometer. The Vis-NIR spectra were recorded using Perkin Elmer spectrophotometer. Elemental analyses were carried out on a Perkin-Elmer 2400 series-II CHN Analyzer. Electron paramagnetic resonance (EPR) spectra were obtained using Bruker-EMX-1444 EPR spectrometer, ESI Mass spectra were recorded on 
Crystal Structure Determination
The Cu 8 cluster, 1 Crystals of 1 were large purple blocks. Data was collected at 100 K on a Bruker Apex II diffractometer. A multi-scan absorption correction was applied. The structure was solved by direct methods (SHELXS) and refined with SHELXL-2014. Crystallographic data are reported in Table S1 .
The structure has some disorder that was treated with restraints. Most notable are the split perchlorate oxygen positions and two solvate DMF's that are evidently not at full occupancy. In addition, a solvate molecule of methanol was assigned occupancy of 0.5, and no hydrogen atoms were included for this species. A solvent accessible void with a maximum volume of 240 Å 3 and electron count maximum of 46 eremained after all chemically reasonable solvate species were located. Therefore, the SQUEEZE routine (Spek, 2015) was applied, which resulted in a 0.007 reduction in R1. A few large difference map peaks remain which could not be assigned. Three reflections were omitted which were obscured by the beam stop.
The Cu 16 cluster, 2
A black block of [Cu 16 S)(L2) 12 O 6 ](ClO 4 )•4H 2 O, 2, was mounted in the 100 K nitrogen cold stream provided by an Oxford Cryostream low-temperature apparatus on the goniometer head of a Bruker D8 diffractometer equipped with a Photon 100 CMOS detector on beamline 11.3.1 at the Advanced Light Source (Lawrence Berkeley National Laboratory, Berkeley, CA). The data set was reduced with the use of Bruker SAINT, and a multi-scan absorption correction was applied with the use of SADABS. Structure solutions and refinements were conducted with SHELXS-2008 and SHELXL-2014, respectively.
Various types of disorder in the structure required some special refinement techniques. This dataset is the best that could be obtained out of numerous attempts in both India and the U.S. The set of Cu's is mixed valent by ESR, but the charge is evidently not localized. Two oxygen atoms, O1 and O2, with large displacement parameters have been assigned as O(oxide).There are two sites external to the cluster assigned as water (O1W and O2W). No attempt was made to locate and refine hydrogen positions for O1W and O2W. Very large thermal displacement parameters were observed for the peripheral 3-methylthiophene groups. In particular, the methyl groups were ill-behaved. In the final cycles of refinement, the N=C(H)-3methylthiophene portion was refined as a rigid group in order for it to have a reasonable geometry. The coordinates for this group were taken from the structure with ref code LONSOX iv in the Cambridge Crystallographic Database. Thermal parameters were kept isotropic for carbon atoms. The Cu, S, and N atoms were anisotropic. One perchlorate anion occupies a special position of 3-fold symmetry. One of the four oxygens (O3) is also on the 3-fold axis, and the other (O4) is on a general position. This group is refined with restrained geometry of Cl-O 1.44(2) Å and O---O of 2.36(8) Å. Additionally, the oxygen isotropic thermal parameters are fixed at 0.10 Å 2 . The central sulphide-sulfur was anisotropic.
References SAINT and SADABS: Bruker AXS Inc.: Madison, WI, 2014 . SHELXS: Sheldrick, G. M. Acta Crystallogr., Sect. A 2008 , 64, 112. SHELXL: Sheldrick, G. M. Acta Crystallogr., Sect. C 2015 , 71, 3. SQUEEZE: Spek, A. L. Acta Crystallogr., Sect. C, 2015 , 71, 9. S. Wang, Z. Li, W. Wang, R.-J. Yu, X. Yu. Z Crystallogr-New Cryst. Struct. 2008 . The cluster has no crystallographic symmetry. There are eight Cu's in a crown conformation and eight ligands (L1). The eight sulfide S atoms, S1, S3, S5, S7, S9, S11, S13, S15 form normal bonds to Cu whereas the thiophene S atoms are only weakly interacting. Bond distances and angles around Cu do not reveal whether the metal center is in the +1 or +2 oxidation state. A listing of selected distances and angles is given in Table S1 below. The compound crystallizes in the trigonal crystal system, space group P31c (No. 159), Z = 2. The overall Cu cluster has 16 Cu positions. However, the asymmetric unit has one Cu on a crystallographic 3-fold axis (Cu1) and five Cu's (Cu2Cu6) on general positions. One unique S (S9) also resides on the 3-fold axis, and is considered to be sulfide. The sulfide atom constitutes a Cu 4 S core, shown in Figure S21 . The asymmetric unit also contains two oxide O atoms at general positions. There are four ligands (L2) in the asymmetric unit. In each of these, there is a thiolate S (S1, S3, S5, S7) that bridges to three Cu's, with Cu-S bond distances in the range 2.250(6) to 2.377(6) Å. The four thiophene S's (S2, S4, S6, S8) are found in the periphery of the cluster and display weaker, non-bonded distances to the Cu's in the range 2.954 to 3.007 Å. Selected values for the bond distances and angles are given in Table  S2 . 
